Hawking's prediction of thermal radiation by black holes has been shown by Unruh to be expected also in condensed matter systems. We show here that in a black hole-like configuration realised in a BEC this particle creation does indeed take place and can be unambiguously identified via a characteristic pattern in the density-density correlations. This opens the concrete possibility of the experimental verification of this effect.
Gravity is by far the weakest interaction in nature. Although it governs the large-scale structure of the Universe, its influence on microscopic physics is negligible. Nevertheless, unlike the other interactions gravity is always attractive and this, under special circumstances, leads to the formation of objects whose gravitational field is so strong that not even light can escape. This was recognized already in the 18th century by Mitchell and later by Laplace [1] , who predicted the existence of Newtonian dark stars, compact objects with an escape velocity bigger or equal to the velocity of light c. Their size is smaller or at most equal to the Schwarzschild radius r G = 2GM/c 2 . A much more refined result comes from a general relativistic treatment of light propagation in a gravitational field, but the conclusion is essentially the same: were nature able to allow for objects collapsing through r = r G , we would have the formation of a region (r < r G ) invisible to an exterior observer: a black hole. The surface r = r G is called the event horizon, because it marks the outer boundary of the spacetime region which is not in causal contact with the outside world at all times. The crucial feature of the event horizon, that we will exploit later, is represented in Fig. 1 . The future history of two nearby outgoing light rays, initially situated just outside and just inside the horizon, takes them completely apart:
the exterior one (escaping) travels to infinity where it arrives highly redshifted, while the interior one (trapped) falls down towards the singularity.
Although according to General Relativity black holes are indeed black objects, this is no longer true when Quantum Mechanics is taken into account.
Stephen Hawking in 1974 made the spectacular prediction that black holes emit thermal radiation as a hot body [2] . He considered what happens to quantum fields when a horizon is formed by the collapse of a star leading to a black hole.
The initial vacuum state |0 in of the quantum field before the star starts to collapse appears at late times, after horizon formation, as a two-mode squeezed vacuum state
where κ (= c 4 /4GM for Schwarzschild black holes) is the horizon's surface gravity, |0 esc is the vacuum of the escaping modes, |0 trap the vacuum for the trapped modes and a †(esc) ω , a †(trap) ω the corresponding particle creation operators. The tensorial structure reflects the fact that after the horizon formation the space-time is composed by two causally disconnected regions, the black hole (BH) and the exterior (EXT) one. Hawking considered measurements to be performed in the exterior region, where the inaccessible black hole degrees of freedom must be integrated out. Surprisingly he found that the black hole behaves as a black body emitting thermal radiation at the temperature
This led to such a beautiful synthesis between gravity and thermodynamics ("The laws of black holes thermodynamics") that although not all aspects of the derivation are free of criticisms, as we shall discuss later, many people consider
Hawking radiation as a milestone of the still to be discovered quantum theory of gravity.
Unfortunately Hawking's remarkable prediction has so far no experimental support, since for a solar mass black hole T H ∼ 10 −7 K, many orders of magnitude below the cosmic microwave background temperature. For more massive black holes the emission temperature is even smaller. There is no hope to identify such a tiny signal in the sky. Furthermore there is no observational evidence of an excess of radiation on the X-ray cosmic background which could be associated to Hawking radiation from a primordial population of mini black holes with mass around 10 15 g.
As we shall see convincing evidence of the existence of Hawking radiation comes from a field which is surprisingly far away from gravity, namely condensed matter physics: a seminal work by Unruh [3] pointed out the mathematical equivalence between the propagation of a massless scalar field in a curved spacetime and sound propagation in an inhomogeneous fluid, the so called gravitational analogy. This led Unruh to infer the production of a thermal flux of phonons whenever in a fluid an acoustic horizon (i.e. a region separating subsonic from supersonic flow) is formed. The reasoning is the same as Hawking's, and rests on the fact that the nature of the effect is purely kinematical, i.e. it does not depend on the underlying dynamics but just on the identical features of wave propagation near a horizon whatever its origin, gravitational or sonic.
However both Hawking's and Unruh's derivation of the effect have a weak point that might invalidate the end result: they seem to rely on the propagation of very short wavelength modes near the horizon, subplanckian in the gravitational case and smaller than the intermolecular distance in the fluid case. This is because of the exponential red (Doppler in the fluid case) shift suffered by the particles modes constituting Hawking radiation in their journey from the horizon region to infinity. Only extremely short wavelength modes created near the horizon can reach infinity.
Extending the classical description of the space-time to Planckian scales, as implicit in Hawking's derivation, or the fluid description to scales smaller than the intermolecular distance seems highly hazardous and the very existence of
Hawking radiation becomes questionable, since it might appear an artifact of the long wavelength approximation. This is the so called "transplanckian" problem which seriously afflicts Hawking radiation [4] . There is no hope to address properly (not just through ad hoc toy models) this problem in the gravitational case since up to today no complete and consistent quantum theory of gravity is available for a description of space-time at the Planck scale. On the contrary, in the fluid case one often has a complete and well tested quantum mechanical microscopic description of the system at the molecular or atomic scale and the existence of Hawking radiation can then be investigated at a very fundamental level and the theoretical predictions tested in laboratory experiments.
Among the many systems proposed, Bose-Einstein condensates of ultracold atoms offer probably the most favourable experimental conditions. Indeed, the generally huge difference between the system temperature and the anticipated
Hawking temperature of the emission can be dramatically reduced. To further separate the Hawking-Unruh phonons from the background coming from thermal phonons, competing processes, and quantum noise one has to consider an aspect of eq. (1) that is usually neglected in the astrophysical context: Hawking particles are created in pairs, one in the escaping sector, which contributes to the thermal radiation at infinity, the other in the trapped sector, the "partner" which eventually gets swallowed by the singularity [5] .
The initial vacuum state contains local correlations between escaping and trapped modes which are converted, in the course of the time evolution, to nonlocal correlations between the BH and EXT regions, in the way represented in Of course, the study of these correlations in gravitational black holes is of purely academic interest due to the impossibility of measuring them, since the BH region is inaccessible to the external world. This is no longer true for condensed matter systems, where the acoustic origin of the horizon does not forbid correlation measurements between the BH and EXT regions. In addition, measurements of quantum noise correlations are nowadays a wellestablished tool to experimentally address the microscopic physics of ultracold atomic gases [6] .
According to the mean-field theory of dilute BECs [7] , the condensate can 
with g the atom-atom nonlinear interaction constant and v the condensate velocity, and θ 1 satisfies an equation which is formally identical to a massless Klein-Gordon equation in a fictitious curved space-time metric (acoustic geometry)
where y, z are the transverse dimensions and for simplicity the number density n and velocity v (< 0) are kept constant (m is the mass of the atoms) and the only non-trivial quantity is the speed of sound c(x), tuned by varying g.
If the condensate is prepared in a way that the motion becomes supersonic in one region (say, c(x) < |v| for x < 0 and c(x) > |v| for x > 0) the formation of the sonic horizon at x = 0 induces, according to Unruh's analysis adapted to the actual system, the production of correlated pairs (particle-partner) of Bogoliubov phonons. In the asymptotic x > 0 region these phonons have a thermal distribution at the Hawking temperature (2), where now the surface gravity is κ = c dc dx evaluated on the horizon x = 0. The signal of this pairproduction can be found in the density-density correlation function, that using (3) can be expressed simply by derivatives of the θ 1 two-point function.
If we consider points sufficiently far away so that the speed of sound is well approximated by its asymptotic values c(x) → c l , c(x ) → c r a straightforward calculation of the normalized density-density in the |0 in state at t = t gives [8]
These correlations characterize neatly the Hawking effect, namely the dependence on the surface gravity in the height and width and, much more important, the stationary peak at However a key point is to know whether in a BEC Hawking radiation and its features are robust, i.e. if they survive when a detailed "ab initio" calculation with the full microscopic theory is performed overcoming the transplanckian problem. The definitively positive answer to this fundamental question has been given in [9] and can be clearly seen in Fig. 2 This remarkable result makes us confident that even for the usual gravitational black holes Hawking radiation indeed exists, and that the semiclassical result (1) is valid up to scales of the order of the Planck length. This is relevant if mini black holes will be really produced at LHC to properly identify their signal. Moreover, we may speculate that provided black holes evaporate completely according to unitary rules then the partners must eventually come out of the horizon. This would allow to find peculiar correlations performing measurements at early and late times.
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